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1 

[^JSll a) l/-- rScffiW (6 2^) ^q&L. * 

c ) ^(rmm^^-t^yim ( i o i ) izmltmie^ 

mlEl^— r5:^i&$iirS$rjffll¥S ( 1 0 3 ) i: 
*>4>=5rSjSffiSBK^a ( 1 0 0^) \z.ii\i>rc^ 

w<As /2 {w>w. As > 1 ) ^^T-T'&mmEl-— i?" 
i!Clliffl£^m-<7)®i^ (66) *-/b3^<i.ixi^ fc^itia 

ffiu^ja^S:*-rS'«3^$ixJtS^*BliaEP'-ifJit 
coMIEm 1 ^J^S-t-tr^: k $-#fiii:^-l.fS*« 1 IEa« 

k ii'-'S: < k t -oo^^cS hij^t^^j:^ ^S^)^T'J> S ^ 
k iSk-r^i»*3l4fE«J<7)ifi?gBpe^5gS, 

[^ja6 1 i}friE^--rifcaiffi{±, mievSits^iT)- 

aJ^-^trkitt^tyiam-oMi^tcM tT < (3:i-frT#^> 
ir^cmziw^i^Srig-LT^S k ^»«Sk-ri.M*« 1 
lE^Oifi^H^^^ffi. 

if k-m:^$<isc: k 5-!ftS(k-r&if^« l lEfiiO 
[ir^«9l mflE^#:^-if«^«£3t«iai§lk- 

I ^-s ^ fc ^mit s if^« 1 fE«<^«R7K^a. 
im^m 1 0 1 HBKSisji^^T^-tS'fEii^ST'ft 

#:^-1f=^j^;cS^^^^k*^'c»=5r^^a5T-A^#0 
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[f9*ai 1 1 Hu£^*l/— !f{i. BlrlEiKitc^ffitc 

i^^iil*^ k5:!NNak-rSlir^l 0fBm<0i£^S3t^ 

1 2 1 H>fiEX7-f r{4Hui&S«stMf 
ffiSrWL. B?IS4^«sl---r(4MlEX^-^^<7)f[!j<7)Wc: 

^ >f :J^3£P®0± A s /4 cOKHF^T-BUiaaE^sl^W- LT 
10 aitt^r(A]lc{4S;^y>$ixS::kSr!|tfiSk-rSB&^l 0 

[000 1] 
[0002] 

20 i.{4\ rjUfl^Jl^a^ (Applied Physics Letters) J 44 
i7)m. 6 5 lH*i®C0D. W. Pohlfl!!C0|&3S:. toil/ 
rsZ-v— (J. Applied Physics) j 59 

(10)^. 331 8-Mmmm.Durigmcomrfz^0m 

[0003] mmm'r~:S'mmzM-r^mMmy(^i^ 
30 -^mittimm^tix^x\.^?,, mx.i,£^ f^jiEimmm^ 

(Applied Physics Letters) j 6 1 ( 2 ) 1 4 2K 

mm<DE. Betzig fi!i«oi6r:ft:Sr#M-r& k . is^ffiH^a^ 
x'mm^tifz^-jMK<^y^-yf^i:mx.tzyty r ^ 

^^$tlfc^®4, ^Bg»f«]S*<3 0~5 0 nm<^Jim 

■<y<7ym^ik^^^\,zL. :i:iX'\,m7Ghi t s/ 

[0004] 

uki^^x*>'^s. mz.\t^ ^marnxm^^ixxx.^ 
i,Mimm Ljasti i o k h z^kt-* o . ±k lt 
B v V y ^ xizum^tii, . i^B^yvy^xizx^zo) 

50 J:')5feV^3t^^=^«J&-f-SiJJ^3&«fcSco{4Ha^ 



I 



3 

t^-Chh. ^Z.X\ ^mmmm^ (Applied Physics Le 
tters) J 63 (26)^. 355 OHS^COE. Betzig 

5 0 n wm^t ^ *) . mf- ^i^-h Tcoim(fZii^+ 

[00051 jfiia»M!liLtJ j:t/^/*/^{iS)2^#S^ 

h -C^tB L J: tX/i it (ilEiiS-^fittci-r ^ ^ fc *-'#Sa 

#i^StiSfSfStc:oi,^T(i. 199 0^. Addison- 
WesleyttfJ, A. B. Marchant^O ^y(^aSM (Optical 
Recording) J ir^MiOZt, 

10 0 0 6} tfz. imnWf 4, 86 0. 2 7 6^(CtJ 
m-tt if 7 r -fe y h±i0^^^tai)l-^, I^-if tUi^J 

matf^i 0 2-10 7{i, T-^*>ii:;i. vsi* 
^^LTi^s, ttz. mmn-^iosim^mm^^L. 

1 1 Otiitf 1 1 3(i. ^^i.-f^iBafA<5om:b?®$:^L. 

#!fs^?-^i 1 2{i$;ifci±®<!omffi^^-r. mm^i 
i^<7)mBi:m^ L . i o 2 * x-m/x v ^ s . 

MX U <y hkt'JT^'r^ -fA :^y:r. y^y-^mz^ "C 

^s^t. 1 0 4 i 0 i>i&\^mmmi^-t^ 7 >f 

^-T^J^t-S<0>t(fjif*LU. ^OT^tfF' 2 7 6^00 
14.1 7*3 ilX 1 StdLhiESa^P— !f C0^^fi?«^^-f- 
*>i^T'3bS. :i1x^^mizi>xv >y M 1 4tJii;^7 

>f 5-1 1 5*«^iixt:v'>^*\ ^^titif^imsm. 
mi 0 7i^^r-rs^T^=5:oTos. 

[ 0 0 0 7 1 i^-^, Cc03|tIl!RffF- 2 7 6 
•y h\ mjl^'^'y KiJil^iEajL'^. y HA>A,^&^ 
>' y^'^*^r y-fe>'7'Ut>^LTV^S. MT y-biy 



(3) !|tlM¥9-14 56 03 
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fi. 3Kx4^-y h<?)i?--f x*>'a:@i«ji/im-cS)SfcieK$ 

ixri->-l. (9ffiai7^TB^) . ^i^iztfz. l^-^coy 
a^-hyr-tr-yh fclBli^flsi: oAMW^riigSI*^2 . 9 
/zmT^S^fctiem^ilTV^S (8ffi07=?TB^) . ^ 

83 0nm :m(f7ffii4 9tTa^#H9) immiZHT 
m-rjTl^^rl^cOT'. ^«7ieH!^f|F' 2 7 6-^^95^^^ -y 

[0008] *3t. TieiBlfff' 2 7 6^t|lgS^$fL;tX 
10 U -y h#iOl— •r{iigJt/ji|lLV^!t'ttT^< . X y -y h 

1 1 4i^SiHc:^ig§-^^^<. if<?)7n>^h7r 
-fe>yhr. ttili^<^HiS:l>zt3^^xmM^%:Um't& 

cifc^. lei^iciAs SrTnisx'j >y hi^. mmo. 

i^—*f^mmi>zmmm>zki,mmchi>> ztii^a. 
•t'<xmm<t$tix\>'^h yyfhov^^y 4 -(ommiz 

20 [0009] ta!^-C, mW®mt:::S8itT'$ . 0 . 4/z 
mS:Tlll-SX;K'y h-!f^X^*L. jg^BiPi^i^S'CO 

Ti^^. ^ItfOO. 4/zin<7)M|lB{i. llffl'fl:§^l.t:V'>-S.7 
:r h'J y :?^5 :7 ^ -T^^«g^rffiX.-K y h if >f XOH 

[0010] (fflMiSBBiJitX^a) *:Sa*l:iffli->/c>fi. 

30 hmmm^yiH^wmk^xf^z^. rifi^(near 
-field) J ^^mzi^K^x. i^— rjs:ai^i^o«rt^ 

[ 0 0 11] c ^\,z^'t^mmy'-^(r> ^mm 

(emission face) j t{±, 7°a— A (SEffiLiSj: 

40 ffitBfiU— 1fc07a>'h7r-fe y ht^O. Sctt^Mffl 
JS:msi/-ir (vcsEL) co^fcrti, i^vcsEc 

(nmmw,z^'fi\izm^tii-z-m±jnmifim^m)i^j:h . 

VCSELtC-:>l^-C«. Mi.(f*ffil^5. 0 3 4. 3 
4 4^Sr#{!a«?)ii:. "tl^. mm^.zn^^ 
(i. rf^p J i /cti^N* >y :^ 7 r -fe V h i: Df-ic. 
[0012] r^ficj 



(4 

5 

[0013] iit. x-y i^'tktmu-^coimmm-t^ 
mtii. mmm^ff' 2 7 6-f-c7)iai 3 (a) ^ 

WCC^-TZtt^T^ S« VC SE LlCtettSJSIt^^iO 10 
[00 141 

[00 1 53 miz^ ^mmi±. wstrnw^^^^mmt u 20 
—i'tkiamt ir-ktt^^ni^u-^^mx.fzmm.ifZiiK^-c 
s.imi>z^s-^tLi . §4>icisii®«. jft;gA« (^ymm^ 

m) izMLxu—fi:mfiimizmi)--r(rnzmLfcu-^ 

[0016] a^55:i i:{±. U-^mSti^i^mX'^j:\>^tk 

(4. A 1 2 03 * /ctis i 02 m(^mmti^(>^^^mik 

[ 0 0 1 7 ] X .y S-Mlci: ^ i: . T 40 

9 o%j3Lh. i t<{49 5%) ti-:i(o&m(owm-^m 

[0018] ttzmcrmizaux . «y i^'JJcaJSl^-if 

< ii:^mm ( *> L< {±>f mmt . iisw< 
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< f M :^aiA ) cof^-(r>mmi)^i^±iz^*miii^ti 
[0019] -4^m^izgMjti^t L^^u—^cDimmm 

{4Stt'^?|->'b'-A {FIB) Jl'yi-yf^^-(:t>iiX 
l>zJ:'yXmm-^Zbi}iX^&, F I BJC y^y^^Xg 

im^i^mmLM,<. <iw<o. lunu ^i^izao. 

0 5 urn ETUI'S, i 5 =5rili#M^^^t^ t -S ^ t A^'T 

[00203 :^^mizi^hi,mm<^m'0(om^mm m 

t,zi^m^it^^im) i,z'o\,^xiitm<^i>(DX'X< . ± 
m^mnff '276 ^x^izmm^tix c ^ ^ i a =st t> 

tO-CiV^ mmz^ A. B. Marchant#c7)±iE#!|%t>#{l 
[002 13 

i^m<7)mm(7>mm} ^mnc^m-comsmmizi^^^ 

X. x.y>?JS:tUS!^— if<7)J5caiM{4, GaAs/I nG 
a P U -y i^'^ife^U— ta!*<?)^ii|cU-Hf0^ti^ 

mnu~v'ir^^iz^^cr)t(ox'$>i,, mtii. z<n 

U'— !f{4. As =0. 9^txm(niMmM.^^\^X\^ 

[0 0 223 zffi^-m&mi. As i,zi3iftm^mijm 

(Mxtf. <1%) A 
s \.ziii,^:t,mMmz'y\,\Xi>i&,mfiZm&\^tz{ioifi\^^^ 

mi-t^ t^^^zti,i. im^zAm-hwrni^oyi^^^ 

ifi^<7>&.m\izmSL^tit:ib^Wm-i>, -e^Oio^r® 

«<SS:t:^:4>-r^1±*«*-l.. m.-^X. As tctJtt-I.K 
M^3&«Jt!SfKJiS>'->^BC (Mx.{f>9 0%) tK hh\^ii 

[00233 zzx'mR^ixx\^h&m<^mm^i:x/ 
mtmt><. As x*)i>^^^iz^\^^&m£r>m^rmzm-ri> 
mrct>&iitir^wmizimt^^-x'$>i> . ^a/j>«o^ig 

mHJ^X/Rmmii . r g^^^ ( macroscopic) j jgJg^iJ 
[00243 SMiODflgWi. ^co^JSW^BDgPOJKtcS 
TJt^W^v-^EffiW^ii^ (W;c{f . > 1 0%. »4 1 



7 

■b<^\^^\,^fzib (As X2^m) . mmzi5if^m^,(r>m 
[0025] ±mLfzx o^A^^^mm»mmi5j:u: 

&mi>z X -J T^-r s z t . n 2 {iE^&tj^ 

A s / I n G a P U-if tOSSffl±t:?^BSi LJtftMfi*)^ S 

312nm, 4 0 n mfcil^ 7 0 n m-C*-?) . 1111*820 
{±, ^^mm^i^S i O2 /T i/AuM^ii-^T^ 

1 2 nm/SOS i O2 JBSr)l-:>TSm4»l3fett'& (E« 

[ 0 0 2 6 ] ia2{4, jft^As xiSsmma^i^i&mt 
m^^t. m&m~^m^LtzmziiBmmmstm^ 
^ibt J: o ^^m&fi^cmmm^izmnx^ ?>zt^ 

Lti^^t-u-^mmmt^K) . mmzmmit^ti^ t 

[00271 m3imco^m^mi^nLx%^LfzJsM 
bf}mMm:hxx/Rittm<D&i^^^Lxis »? . tf&ins on 

il/liiaSKi^M^rfi^ (58nm;fC7)Ti02 . 1 
4 3 nmJJCOS i O2 , 5 8nm/?<OTi02 , 4 0n 
mJfOTi tJi:lX7 0nmJiP<^Au*>/i>^^) ICM-^-S. 

0 , fti^ 3 2l±^J^±t'««cMT'^*>ixT 1^=^ 

jia^{i<S< (M1jti,<10%) . *;tTi02 /Si 

02 /Ti02 g|5^i-^®&^ja*ti*«75 0%T-^S. 

[ 0 0 2 8 ] 134 ti, ^fgHBiOlltf t:^r??!P5r$ ^>t=fl!!iO 
^m&M ( 1 5 3 nmJfOS i O2 i: 8 0 nm/P^^DA 1 

i)-^^^) izMvxn^Lfz&mm^miiXx/Rmm 
4 1 li. ^ti^tis i 02 /A 1 &m(r)&tmmMmii 

^X/RlttmX'h*) . ftll4 2«S i O2 M$ril-I.E«6<J 
^^ms , ia4 A»A>t>*»S J; ^ 
(i{J0<7)^ig^i:K^* (— 9 5%) Sr^-r<7)tcML 
"C, S i O2 ®{il5(3ri 0 o%<7>mjm'S:^-t. zzx 

izmuLtibLxiy. m^. \mip(>(r>mtmitiimii 

[00 291 yr-i^'vh&.mizmLX\.^^t^Jbtihm 
t<Oi; tT. T i O2 . S i 02 , A 1 2 O3 . ^^r>f 
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gaS^^X^v-y^Jr— h;j{r^X. VYCOR;»(/7X, A I 
i4^«Oi><7)T'i5D. Ti, Au, Al, Cr, AgioJ; 

xmmm(om^i:-th, nftv^^mmmxii. m^rA 

Kig (6%'JyBrJS) ;y^x®Sr^^, c:OJi±(i{±A 
1 ii3&*^tt ^>ii. 136 •C:*:i3&H:^-r J: 3 ^fiSjSii: ^ 
10 I) . 

[ 0 0 3 0 ] ±ait^i 5 =5:^-^ T<7):*:|%DB<7)i^-iftc: 

[0031 ] ^iB^MS-j^/s^'aaiM^^t^m-r^ 

C J: oT^^^tLT t> i < . M;itf. e b-A^^^ 

20 t.fz. ~W(.mzi,±^mm^mt\>zm\'^^tii,ifi. 

[0032] msimmm^v -y i^m^u-^fB o ^ 
^s-tmrnx^mmmxh o . #§!g«^-^ 5 1 - 5 e ^ 
mi^(7)m—<^mmm. mx.anm) ( jis-o 

TV^I). y vi^<504i(iffl^l«Jl~6/im-Cfc'9. ^60m 
30 :fj}^ (Ml <?5 y -y i^'ilil^ J: -oT;*!;* AH2^^$ 

ix. z:fj[^cr>mmfwmmzj;:',xm>ib(>tit , !m(>zm 

ffl$fLTl^-SGaAs/I nGaPL— iffclM^^^fcaj 
z i^7Ci^JftMW^ffl{4$t> 0 . 3 At m'C*) "9 . Mx. 
6X0. 3ximiSJg«Ofta5BfSt=5:S (2 0%c7)g 

iz^Ltz\y—^<^u~^mmi>zmfS,^ti& . 

[00331 &\mtmm. ^ 

i&u— ratfiBiii^-gp <m-<7)MJ^) 
40 izx*)^ Amizmm^i¥^-t& z t j&^-c^ s . a^^w 

^$ti6-yjx\ mmtmi±m-(mmizMA^im^ 

^<DTi,zmfch^^^<o^tLxm^^. as. 

m-<itzw±^tih. tfz. i>d~m<ommf^mtii 

A 1 2 03 ) SSrU—rSScajElCiitSLT^ilSMiO^ 

[ 0 0 3 4 ] ^S^dff i Ut^fc^;?. i^>nt:v^SI^*^4 
50 m-t^f^rvt'-A (FIB) aiyf-^-^^-e&s. vlcOS 
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{f. Cl^l-CtirfJjKiStlTl^'l.iSS (MI CRION90 
0 0 F 1 Bi^XfM.) SrfigfflLTV^Sj&i. CliOffilM 
{±. Caj;itf . 2 0 nm<OX.if -v b^f ^Xtcft^K^tli^vrG 

[0035] S^^tirtii^ftliOilO . F I BffiJti. 'f ^ 

mz::<7)wmi. u—^<^isimm<rnm'p^izmm^ 
[00361 mei±^^tzmio^u~^co-m}i&mm 
<y imw^. ( ^^mmmt m^m±i,zmm.^tvf:i^m 

[00 37] \m(7>Wc:Kmi?^o 

[00 381 ±3*L7tJ;9tC. 0. 9 8/im£0U-y>''# 
X^O. 2X0. 2/zmi:L, C:ODagP*»'?>4 0 m AT' 

*»M#'^il&ai:tK^#t»2 5%TX>-5/:r, Cl^tti, |a!*0 

:>J{i. MHz#{i<501/— M^tt'l 0 — 1 OOMHz 

[0039] ±.mi.tz'S'-iy<r)^^m(r)U-^^mTkt 
h-}im(r^-m\izi6\,^x^i. :3~^^y'!^0ym^ixX^^^ 
i->U-if<7)KaiBS:ji^'5rtatfe¥a (FIB. t-fzit^ 
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1 0 

[0040101 2l,i^%mz^i>h U-if <0fliic0||*fe 

mm.^7yiLxi5 *) . mwm 120 j&sp— fjicyiiB<om^ 

djiiSr^l^-C. ia5<50P-1fi:tJ{ar|5|t-C&^. ^^T' 
{4. Sgl^tfi^-C^^iaafcCDFi B^aiciO. 

-^mmcDrntR^fttzmm (t i , w. Au^*»/b=^ 

10 $iiJt^«sW5F4>t't=. ±3^Li^c J: o {iz\m 1 2 1 

^tih. ^<^m. ]^-^-&iiim±(,zim<r>^mmi:im 
t . r -t -y ht^mmtcomzmm 

u y^57 -^^xmizx-oxM^mcov^ x<7)m 

^^wmm^(7)m>^mi±m^^^'^Mm<r)m^x^e t- 

-A^^hL-^-'J^h (PMMA#) Z 

2D <7>mtiimiimM<^^mm^^mmx'm.m^ti. mwm. 

S^Sfi[S<0K±<07 yfhUi^X h3&<e b'- Afflr^lC J; 

mm<7)j:oizmmL:kik. ^mm<m^6^^m^Lx 

DflgpS-J^B^f ^O^Sx .y ^y^WtX'Wcliimz:r. 

'/i-yf^i}im^tii>. 

[00411 mvx-m^mzi^j: 5 1^, :^^m(omco 
mimmizii\.^xti. r (70 (Dwamt'^yi^- 
•r (^fflH) -c{4^:v^. ^^-e. mi^^v 1—73 

30 •y^-^'g^r^tL-eix^LTUS. mm^7 4 

i± u~^(Dtkiiimx'S) *) . mm^ 7 e ^^jscajaocagp 
SrS^L, :7 r-fe 'y h^^7 7 tmm(D^x'^m^tvrtz 

m^imfji^tix\>^^\>\ 

[ 0 0 4 2 1 |Hia57 6 {ivSttJiOT^Tt^m^, *<72 0 ~ 
2 0 0 TimC0mS(O&f31ytC0yr-^'y b*>^> < {3r;?i^*>' 
?^fi5c^tl.&. ^*T,^>iagB7 6{4. F I BX-yf-yjJ^S-^g- 
X&lcffll^-CJ^f£$n. <{3r^TV^'5:^.^gP^)■7 7^0l|@{±< 
A« /'2t^i,, 

40 [00431 *^eM0^@i3t>v^t: . ^o<{a:^T•^^^^"> 
*Tt,^t^, ^fz. zcr>m-'Comm7 7im37 sizj: 

'^Xy:fjmzim^tL^fzifx^<. zl3fii<7)}irmtfz 

[0 0441 —e^tLT, ^«00. 98/xmi?cOGa 
As/ 1 nGaPl^— ifOjicaiSit-StLTF I BX>yf- 
>'^$-J&rC:i:t=J:'9, 0. S/jltci^^ 0. 4>LfmRC7) 
L , SgM«OjaBBa54)*; 0 . 1 At m^ytf 
50 n<tS?)-i:Wr>tz, -?-LT. ai*ffit«iil<^^<*^'®— <^ 



1 1 

[0045] ii!,:hmmt>^m-(r)mm(^^f*ii>zt t'ib 
i^tix^^^mmm^tifzmmiiBri^tz^^tzii 

m^mw-<^^-^^jEmiz^mt^<7)itim± Lxm 

^<<7)f-A^^t5aa6-S<?)t30. 02 — 
0. 2Mm<7)Wm-CW^^i^^(OimmTf)&k^m^ 

JfcaiMl^^?l-y (30Ke vOGa-fTfV^) (7)®^^ 

-^x «. ^ i: i 0 mLx^ . ie-«^JS{i3sa:{as^y> 

[0047] J.:i±, 3is:|^BHfc!:^gi*)Sx.y i^'iJcaiS^-if 
@<As /2) ^^T', #t!B<5^8 1 — 

[0048] :^^mizi^h^ p-if (i. mktas^t-^ 
izmf&^tifzm-i^~^ mtii. ^mn^' 21 en 
<mA (B) ^#BS) . -m<r>^mwmL^^m.i.zmm 

TOP— rtc*l6Hj5rjgffl-r^j^{i^<^ Wlk<r>h<r> 

<^mt Lxmmn^' 2 7 9 ^#m> . iJ^^r 
< t i>—)<7)iy—^i)imitiint-^i,zm^^tvrz^m 
^^yvs^y!^mmu~-f mm. ^mmf 276 

0<??iftS6^>5:ffi^^S^-ttoBaa&lilTffliaT'S)S. ZZX' 

I^H^^U— r (91) ^^'ilffiL/WiZ^U—if-Cib 
*) . i1>M^^— OiOU— if (921, 9 2 2 ) 3&*h 7 

^tiiLxmji^i^u—r<D\miznLx . z:fjm<^m 

f: 3&ST^ i><7)X. "T-^V^ y^ \,zn LT^ttJ L/«a 
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1 2 

7 6-^C0ia4 (A)ijJ:t/04 (D) 

[0049] m^ffm 0 , 2S:*jEi<j^7-'if ^ yS-ffli^^. 

^mz':>K^X<7yWmm\iz-:>\,^Xii. miL1£±Mk- B. 
Marchani^«SIBlS:#M«^C: t . 

[0050] mM. mmmiiii<^-nmzmjtXi^H-!Lh^'^ 
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